A large body size may differentially influence risk of colorectal cancer (CRC) by anatomic location. The Netherlands Cohort Study includes 120,852 men and women aged 55-69 years who self-reported weight, height, and trouser/skirt size at baseline (1986), as well as weight at age 20 years. Derived variables included body mass index (BMI; weight (kg)/height (m) 2 ), BMI at age 20 years, and BMI change. After 16.3 years of follow-up (1986-2002), 2,316 CRC cases were available for case-cohort analysis. In men, the highest risk estimates were observed for body fat (per 5-unit increase in BMI, hazard ratio (HR) ¼ 1.25, 95% confidence interval (CI): 1.05, 1.46; for highest quintile of trouser size vs. lowest, HR ¼ 1.63, 95% CI: 1.17, 2.29 (P-trend ¼ 0.02)) and appeared more closely associated with distal colon tumors (for BMI (5-unit increase), HR ¼ 1.42, 95% CI: 1.13, 1.79; for highest quintile of trouser size, HR ¼ 2.56, 95% CI: 1.55, 4.24 (P-trend < 0.01)) than with proximal colon or rectal tumors. In women, body fat was not associated with CRC risk unless it was considered simultaneously with physical activity; a large trouser/skirt size and a low level of physical activity increased risk for all subtypes. Height was associated with risk of CRC, especially distal colon tumors (highest quintile vs. lowest: HR ¼ 1.53, 95% CI: 1.03, 2.27; P-trend ¼ 0.05), in women only.
epigenetic instability (20) (21) (22) . This suggests that adult body fat rather influences CRC risk via chromosomal instability and may explain the stronger associations observed between body fat and distal tumors.
Furthermore, timing of exposure may be important for defining pathways. It has been observed that a high BMI in early adulthood and a large BMI change from early adulthood to later adulthood are associated with a higher risk of CRC (13) ; that a high BMI at age 20 years is associated with a greater risk of having a tumor characterized by epigenetic instability (21) ; and that taller persons have a higher risk of tumors characterized by epigenetic instability (Hughes et al., Maastricht University, unpublished manuscript).
Here, we used data from a prospective study, the Netherlands Cohort Study (NLCS), to investigate the association between multiple indicators of body size and sex-specific risk of CRC, as well as the associations between these indicators and sex-specific CRC risk at specific tumor subsites, including the proximal colon, distal colon, rectosigmoid junction, and rectum. We considered BMI and trouser/skirt size as adult indicators of body fat, and we also considered adult attained height, BMI at age 20 years, and BMI change when assessing risk in order to study whether timing of exposure was associated with differential risk. We hypothesized that body fat would be associated more with tumors of the distal colon, whereas height might be associated more with proximal colon tumors.
MATERIALS AND METHODS

Study population and design
The NLCS includes 58,279 men and 62,573 women aged 55-69 years at baseline (1986) who completed a selfadministered questionnaire involving 150 food items, as well as questions on lifestyle and health. Municipal registries from throughout the Netherlands were used to constitute an efficient sampling frame (23) . The NLCS uses a case-cohort approach for data processing and analysis; case subjects were derived from the entire cohort, and the number of person-years at risk for the entire cohort was estimated from a subcohort of 5,000 persons who were randomly sampled from the full cohort at baseline. All subcohort members who reported prevalent cancer (excluding skin cancer) at baseline were excluded from the analyses, leaving 4,654 participants. Further details of the NLCS design have been published elsewhere (23) (24) (25) .
Incident CRC cases were identified by annual record linkage to 9 regional cancer registries and a national pathology database (PALGA) (26) . The completeness of cancer followup in the NLCS is almost 100% (27) . CRCs were classified by anatomic location as proximal colon (International Classification of Diseases for Oncology, First Edition, codes 153.0, 153.1, 153.4, 153.5, and 153.6), distal colon (codes 153.2, 153.3, and 153.7), rectosigmoid (code 154.0), or rectal (code 154.1) tumors. Persons with incomplete or inconsistent baseline questionnaires were excluded. After additionally excluding persons who were missing data on variables adjusted for in the multivariate analysis, 3,197 subcohort members and 2,316 CRC cases remained. Among men, the numbers of tumors by location were 327 proximal colon, 427 distal colon, 33 unspecified colon, 125 rectosigmoid junction, and 299 rectum; for women, the numbers were 459 proximal colon, 327 distal colon, 27 unspecified colon, 87 rectosigmoid, and 205 rectum.
Assessment of anthropometric variables, diet, and physical activity Height (cm), body weight (kg), and body weight at age 20 years (kg) were self-reported on the baseline questionnaire. BMI was calculated as weight (kg)/height (m) 2 . Participants were also asked to report their lower-body clothing (trouser or skirt) size from their clothing label (in Dutch sizes). Trouser/skirt size has been shown to be an adequate proxy measure for waist circumference when predicting cancer risk in the NLCS (28) .
Both occupational physical activity in the longest-/last-held job and baseline nonoccupational physical activity were used to assess risk, depending on sex (Simons et al., Maastricht University, unpublished manuscript). For analyses of men, occupational physical activity was used. Participants were asked to report job title(s) and job duration(s) on the baseline questionnaire. Assessment of physical activity at work was based on the job held for the longest amount of time. Total energy expenditure was based on a rating system developed by Hettinger et al. (29) . Men were classified into 3 energy expenditure groups: <8 kJ/minute, 8-<12 kJ/minute, and !12 kJ/minute. For analyses with women, nonoccupational physical activity was used to assess risk, because most women of this generation had not held a job or had worked for only a short period of time. It was calculated by totaling the number of minutes per day spent cycling/walking to work, going to shops, and walking the dog and the number of hours spent per week engaging in gardening/odd jobs, recreational cycling/walking, and sports/exercise, as reported on the baseline questionnaire. Women were classified as having a low (<30 minutes/day), intermediate (30- 90 minutes/day), or high (>90 minutes/day) level of physical activity.
Statistical analyses
Data were analyzed with Stata, version 10 (StataCorp LP, College Station, Texas), separately for men and women. Cox proportional hazards analysis using the case-cohort approach was used to estimate hazard ratios and 95% confidence intervals for the association between total CRC risk and BMI (per 5-unit increase, in sex-specific quintiles), BMI at age 20 years (per 5-unit increase, in sex-specific quintiles), BMI change (<0, 0-<4, 4-<8, or !8 units; categories were based on a previous NLCS publication (30)), trouser/skirt size (per 2-unit size increase, in 5 sex-specific categories), and height (per 5-cm increase, in sex-specific quintiles). To test for a linear trend across categories, we used the median anthropometric variable within quintiles/categories as a continuous variable. Statistical significance was defined as P < 0.05 (2-sided testing).
Multivariate models. We adjusted for potential confounders selected a priori from the literature and those that introduced more than a 10% change in hazard ratios. Selected a priori were age, family history of CRC (yes/no), smoking status (never smoker, ex-smoker, or current smoker), socioeconomic status (educational level), total energy intake (kcal/day), alcohol intake (0, 0.1-4, 5-14, 15-29, or !30 g/day), recreational physical activity (<30, 30-90, or >90 minutes/day) for women, and occupational physical activity at the longestheld job (<8, 8-<12, or !12 kJ/minute) for men. No variables introduced more than a 10% change in the hazard ratios. BMI change was additionally adjusted for BMI at age 20 years, and height was additionally adjusted for body weight (30) . We also considered a model for women that included additional adjustment for oral contraceptive use (ever, never), duration of oral contraceptive use (years), use of hormone replacement therapy (ever, never), and duration of hormone replacement therapy (years). This extra adjustment did not influence effect estimates, and results are not presented.
Interaction with physical activity. Evidence suggests that among persons with lower physical activity, BMI becomes a more important indicator of colon cancer risk (9) and that underlying population levels of physical activity can impair or enhance the ability to identify colon cancer associations with other risk factors (31) . We created a 2-way interaction between trouser/skirt size and physical activity. Categories of physical activity were based on self-reported recreational physical activity (women) and occupational physical activity (men), and trouser/skirt size was dichotomized on the basis of sex-specific median size. We used trouser/skirt size because evidence suggests that fat distribution is more important than body weight or BMI for CRC risk, especially in women (14) . We also considered this interaction for colonic and rectal tumors separately.
For all analyses, the proportional hazards assumption was tested using scaled Schoenfeld residuals and visual inspection of the hazard curves. Furthermore, we repeated the analyses according to duration of follow-up by splitting the follow-up time at 8 years (<8 years vs. !8 years). To account for the additional variance introduced by sampling the subcohort from the entire cohort, we estimated standard errors using the robust option.
Tests for heterogeneity. We conducted tests for heterogeneity to evaluate differences between sublocalizations of tumors (e.g., proximal colon vs. distal colon), using the competing-risks procedure in Stata. However, the standard error for the difference in the log hazard ratios from this procedure assumes independence of both estimated hazard ratios, which would overestimate that standard error and thus overestimate the P value for their difference. Therefore, we estimated these P values and the associated confidence intervals on the basis of a bootstrapping method that was developed for the case-cohort design, as described previously (32) . Each bootstrap analysis was based on 1,000 replications.
RESULTS
Descriptive characteristics
For both men and women, a higher trouser/skirt size corresponded with increasing BMI, and total energy intake was highest in the third quintile of BMI. Furthermore, the greatest proportion of persons with a university-level education was observed in the lowest quintile of BMI, as was the greatest proportion of current smokers. In men, levels of occupational physical activity were relatively similar across quintiles of BMI, whereas in women, higher levels of recreational physical activity were reported by persons in the lowest quintile of BMI (Tables 1 and 2 ).
Associations with overall CRC in men
Age-adjusted results are not presented, since they were comparable with multivariate results. Associations between body size and CRC risk in men are presented in Table 3 . With respect to body fat, BMI modeled per 5-unit increase was associated with total CRC (hazard ratio (HR) ¼ 1.25, 95% confidence interval (CI): 1.05, 1.46). When BMI was modeled in quintiles, associations did not reach statistical significance. Stronger associations were observed with respect to trouser size; a statistically significant association was observed when comparing persons with the largest trouser size to those with the smallest size (HR ¼ 1.63, 95% CI: 1.17, 2.29; P-trend ¼ 0.02).
With respect to BMI at age 20 years, BMI change, and height, associations with overall CRC did not reach statistical significance.
Associations by tumor subsite in men
All indicators of body fat appeared to be most strongly associated with tumors of the distal colon. Increasing BMI (per 5 units) was associated with both distal (HR ¼ 1.42, 95% CI: 1.13, 1.79) and rectosigmoid (HR ¼ 1.49, 95% CI: 1.05, 2.11) tumors. A statistically significant trend was observed over quintiles of BMI for these two subsites (P ¼ 0.05). BMI at age 20 years was associated only with tumors of the distal colon (5-unit increase: HR ¼ 1.09, 95% CI: 1.00, 1.19; highest quintile vs. lowest: HR ¼ 1.47, 95% CI: 1.03, 2.08 (P-trend ¼ 0.05)). With respect to a positive BMI change, there was a suggested dose-response association for tumors of the distal colon (P-trend ¼ 0.05). The strongest association was observed with respect to trouser size and the distal colon (largest size vs. smallest: HR ¼ 2.56, 95% CI: 1.55, 4.24; P-trend < 0.01).
With respect to height, an inverse association was observed for rectosigmoid tumors (5-cm increase: HR ¼ 0.77, 95% CI: 0.65, 0.93; highest quintile vs. lowest: HR ¼ 0.38, 95% CI: 0.17, 0.83 (P-trend ¼ 0.01)).
The strengths of the associations did not differ when data were split according to duration of follow-up (<8 years vs. !8 years). Tests for heterogeneity between tumor subtypes were not statistically significant for any risk factors considered.
Associations with overall CRC in women
In women, there were no statistically significant associations between BMI, BMI at age 20 years, BMI change, or trouser/skirt size and overall CRC risk (Table 4) .
Height, modeled per 5-cm increase, was associated with a higher risk of total CRC (HR ¼ 1.09, 95% CI: 1.01, 1.17). There was also an association when the highest quintile was Trouser size 50 (2) 50 (2) 52 (2) 52 (2) 54 (2) Occupational physical activity, kJ/minute <8 
Associations by tumor subsite in women
Associations by subsite in women were not as clear as those in men. With respect to body fat, women with the largest trouser/skirt size had a borderline statistically significant risk of proximal colon tumors compared with those with the smallest size (HR ¼ 1.46, 95% CI: 0.98, 2.18), but there was no clear trend (P-trend ¼ 0.46).
There was a borderline statistically significant association between height and distal colon tumors (HR ¼ 1.11, 95% CI: 0.99, 1.24) and rectal tumors (HR ¼ 1.14, 95% CI: 0.98, 1.32) when data were modeled per 5-cm increase. Women in the highest quintile also had a statistically significant risk of distal tumors when compared with those in the lowest quintile (HR ¼ 1.53, 95% CI: 1.03, 2.27; P-trend ¼ 0.05). This association was borderline statistically significant for rectal tumors (HR ¼ 1.49, 95% CI: 0.98, 2.27; P-trend ¼ 0.06).
When data were split at 8 years of follow-up, it appeared that associations for all anthropometric variables were attenuated over time (data not shown). Tests for heterogeneity between tumor subtypes were not statistically significant for any risk factors considered.
Interaction between trouser/skirt size and physical activity Table 5 shows hazard ratios for the interaction between trouser size and occupational physical activity in men. Compared with the reference category of men with a small trouser size and a high level of physical activity, there were no statistically significant associations for total CRC, but men with a small trouser size and a low level of physical activity were at increased risk of distal colon tumors (HR ¼ 1.63, 95% CI: 1.03, 2.56). A borderline statistically significant association was also observed for men with a large trouser size and all levels of physical activity with respect to tumors of the distal colon.
Compared with the reference category of women with a small trouser/skirt size and a high level of physical activity (Table 6 ), the greatest risk for each subtype considered appeared to be for persons with the highest trouser/skirt size and the lowest level of physical activity (for total CRC, HR ¼ 1.83, 95% CI: 1.28, 2.63; for proximal colon tumors, HR ¼ 1.70, 95% CI: 1.08, 2.67; for distal colon tumors, HR ¼ 1.95, 95% CI: 1.21, 3.17; for rectal tumors, HR ¼ 2.56, 95% CI: 1.36, 4.79). The interaction between trouser/skirt size and physical activity was statistically significant only for the proximal colon (P < 0.05).
DISCUSSION
We observed that in men, body fat, as indicated by BMI, BMI at age 20 years, BMI change, and trouser size, appeared to be more associated with distal tumors than with tumors at other anatomic subsites; however, associations with respect to height were less clear. Body size appeared to be unrelated to CRC outcomes in women, except for height, which was related positively to cancers of the distal colon and rectum. In general, our observations, especially in men, highlight the importance of examining CRC risks according to tumor subsite, because stronger associations were observed for individual subsites than with overall risk. Strengths of this study include the prospective cohort design and the large population, in combination with sufficient follow-up time to allow precise analysis of CRC risk at different subsites. The NLCS has almost complete ascertainment of CRC cases, and follow-up of the subcohort is almost 100%. Although measures of body size in this study were obtained by self-report, there are many examples in the literature showing that this method is a reasonably valid and reliable tool for assessing body weight and height in cohort studies (33) (34) (35) (36) . A weakness of this study was the small number of rectosigmoid and rectal tumors and the subsequently limited statistical power.
Investigators in several case-control studies have considered the association between BMI and site-specific tumors of the colon in men, and they have generally reported a stronger risk for tumors of the distal colon than for tumors of the proximal colon (6) (7) (8) (9) (10) . This is supported by the results of a recent prospective cohort study carried out by Laake et al. (11) . In our study, we considered several indicators of body fat in addition to BMI, including BMI at age 20 years, BMI change, and trouser/skirt size as a proxy for waist circumference, and we consistently observed an elevated risk of distal colon tumors as compared with tumors at other subsites. Although we did not observe statistically significant heterogeneity between proximal and distal colon tumors as Laake et al. (11) did, the bootstrapping method we used is quite conservative. The weaker associations that we observed with respect to associations between body fat and the rectum align with previous research (1), but we also observed a positive association between BMI and tumors of the rectosigmoid junction. To our knowledge, no other prospective study has considered the association between anthropometric measures and the rectosigmoid junction. This association is plausible, because the rectosigmoid junction and distal colon are anatomically linked. Our findings should be replicated in other prospective studies, but they support the hypothesis that the etiology of CRC tumors differs between anatomic subsites of the colorectal tract in men.
We did not observe clear associations between BMI, BMI at age 20 years, or BMI change and CRC risk in women, but our results suggest that women with a high trouser/skirt size are at increased risk of proximal colon tumors, although this association did not reach statistical significance. In contrast, positive associations between BMI and distal colon tumors have been reported in prospective cohort studies of Swedish (12) and Norwegian (11) women. In an American cohort, both BMI and waist circumference were associated with proximal and distal tumors (13) . The proportion of obese women in the NLCS is small, and perhaps this prevented us from detecting associations of similar strength. It has also been suggested that the impact of a given risk factor along the length of the large bowel may differ according to the prevalence of other environmental factors and, thus, according to sex and country (2) .
Alternatively, it is plausible that a metabolic profile reflecting a combination of risk factors has a greater influence on cancer risk than do the individual effects of body size and obesity (37, 38) . Because evidence suggests that fat distribution is more important than body weight or BMI for CRC risk, especially in women (14), we investigated the interaction with physical activity using trouser/skirt size. Our observations for women were intriguing. As noted above, we did not observe statistically significant associations with respect to trouser/skirt size in our general analysis. However, when we considered the interaction between trouser/skirt size and physical activity, it appeared that women with a large trouser/skirt size and the lowest level of physical activity were at the greatest risk of CRC compared with women with a small trouser/skirt size and a high level of physical activity. This risk was highest for rectal tumors; however, the interaction was statistically significant only for tumors of the proximal colon. These findings require confirmation in other prospective studies, but they support case-control data (9, 39) . They also highlight that underlying population levels of physical activity can impair or enhance the ability to identify CRC associations with other risk factors (31), such as body fat.
Height is a reflection of earlier life exposures, such as childhood energy intake (40) . In our study, height was associated with increased risk of CRC in women, which is in accordance with previous research (1, 13, 14, 41, 42) . In a recent report, Oxentenko et al. (13) suggested that risk is greater for tumors of the proximal colon, whereas our data suggest that risk is greater for tumors of the distal colon. However, in the former study, Oxentenko et al. did not report conducting tests for heterogeneity, and in our study, such tests did not reach statistical significance. We did not observe any association with respect to height and CRC risk in men, and we actually observed an inverse association for tumors of the rectosigmoid junction. We cannot explain this observation, and we suggest that it may be a chance finding. We have shown previously in the NLCS population that energy restriction during childhood is inversely related to later CRC risk (43) ; therefore, while we have not observed strong associations between height and CRC in the present study, it is plausible that early-life nutritional factors may influence different carcinogenic pathways than later-life exposure to increased body fat (13) .
We can only speculate as to why body size and body fat in particular might differentially influence the etiology of colorectal tumors at different subsites. Obesity is associated with a chronic state of low-grade inflammation and thus increased circulatory levels of inflammatory markers like C-reactive protein, interleukin-6, and tumor necrosis factor a (44). These in turn may induce insulin resistance and hyperinsulinemia. It is hypothesized that such conditions influence CRC risk (45) (46) (47) ; however, it remains unclear how they directly or indirectly influence specific tumor subsites. There are some distinct differences between the proximal colon and the distal colon, both anatomically and genetically (3) (4) (5) . The distal colon is associated more with physical/chemical stimuli and associated less with water absorption and electrolyte transport than the proximal colon (3). It has been shown that tumors characterized by chromosomal instability are more associated with tumors of the distal colon, whereas epigenetic changes like methylation are more associated with tumors of the proximal colon (48) . Interestingly, recent studies have suggested that overweight and obesity do not appear to differentially influence CRC risk via epigenetic mechanisms and microsatellite instability (20, 22, 49) . Based on the observation that body fat appears to be associated with a higher risk of distal colon tumors, a plausible hypothesis is that obesity and its associated process may influence risk via the chromosomal instability pathway. However, to our knowledge, this has not been investigated in any population-based studies. It is clear that the association between metabolic and hormonal risk factors and CRC is complex, and more research in this area is needed to elucidate clear mechanisms and how these mechanisms might differ with respect to tumor subsite.
In this Dutch population, body fat-especially abdominal fat, as indicated by trouser size-was associated with tumors of the distal colon in men. In women, the influence of body fat on CRC risk may differ according to level of physical activity. Height was associated with CRC risk only in women. More research is needed to fully elucidate how body size may influence subsite-specific pathways of CRC carcinogenesis.
